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IMPROVED CATALYST COMPOSITION FOR POLYMERIZING ETHYLENE,

PREPARATIVE METHOD AND POLYMERIZATION PRCCESS

This invention relates to an improved process

for producing high density ethylene polywmers having high

. melt indices and low melt flow ratios. More particularly,

this invention relates to an improved low pressure gas
phase process for producing homopolymers and ccpolymers
of ethylene having a density of from about 0.94 g/cm3 to
about 0.97 g/cm3, a melt index of greater than 1.0 g/10
minutes to about 100 g/10 minutes, and a melt £low ratio

of from about 22 to about 32.

Ethylene homopolymers and copolymers having
high densities and high melt indices can be produced as
described in European patent publication Nos. 0012147 and
0012148. 1In ﬁ{oducing such polymexrs, it is necessary to
employ high polymerization temperatures and to maintain
a high hydrogen/ethylene ratio in the reactor in order to
obtain polymers having melt indices greater than 1.0 g/l0

minutes, Unfortunately, however, an increase in poly-

. merization temperatures above 90°C and the use of high

hydrogen/ethylene ratios have both been found to cause
a decrease in the activity of the cétalysts employed in
these pfocesses. Thus, the desired polymers can only be
obtained at the expense of decreased cataly?ic activity.
: Another characteristic of the proces.-s de-
scribed in European patent publication Neos. 0012147

and 0012148 is that a certain undesirable amount of
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ethylene hydrogenation takes place during polymeriza-
tion. This ethylene hydrogenation is particularly
pronounced when temperatures in excess of 90°C. and
high hydrogen/ethylene ratios are employed in an _
attempt to obtain polymers having melt indices greater
than 1.0 g/10 minutes. While the amount of ethane
produced by thisrhydrogenation is at first relatively
minor, this gaseous material gradually accumulates in
the reactor and replaces the reactive monomers present.
This decrease in the amount of monomer in the reactor
leads to a corresponding decrease in catalyst produc-

tivity. - . P

7 In accordance with the present invention, it
has now been discovered that catalyst compositions
having improved heat stability and suitable for use
in producing high density ethylene polymers having
high melt indices and low melt flow ratios in a low
pressure gas phase process can be prepared by forming
a precursor composition from a magnesiui compound,

titanium compound and electron donor compound;

carrier material; treating said diluted precursor
composition with a boron halide compound; and
activating the precursor composition with an orgéno

aluminum compound. Such catalyst composition can be

employed to produce the aforesaid ethylene polymers at

higher temperatures than heretofore possible while main-
taining high polymer productivity and low accompanying

ethylene hydrogenation.

il
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- The accompanying drawing shows a gas phase fluid bed

reactor system in which the catalyst system of the

present invention may be employed.

-~

When treated with a boron halide comppund in
accordance with the present invention, the aforesaid
cataly=z compositions have been found to be more stable
when exposed to temperatures in excess of 90°C. and to
undergo less decline in activity when employed in
polymerization processes above such temperatures as com=
pared to like catalyst ccﬁpositions which have not been
so treated. Surprisingly, whether employed in poly-
merization processes above or below 90°C., such treated
catalyst compositions are capable of producing polymers
at higher productivities and are accompanied by less
ethylene hydrogenation than when like untreated catalyst

compositions are employed.

The Ethylene Polymers

The ethylene polymers produced with the
treated catalyst compositions of the present invention
have a density of from about 0;94 g/cm3 to- about 0.97
g/cmBJ At a given melt index, the density of the
polymers is primarily regulated by the amount of

comonomer which is copolymerized with the.ethylene.

In the absence of comonomer, ethylene polymerizes to
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provide homopolymers héving a density of at least
about 0.96 g/cmd. By the addition of progressively
larger amounts of comonomer, copolymers having a
progressively lower demnsity are obtained. The amount
of comonomer needed to achieve the same result will
vary from comonomer to comonomer, under the same con-
ditions., Thus, to achieve the same results, in the 7'
copolymers, in terms of a given density, at a given
melt index level, larger molar amounts of the different
comonomers would be needed in the order of C3> C¢> CS>
Ce> G5 Cy. ' '
The copolymers prbduced with the treated

catalyst compositions of the present invention are
copolymers of a major mol percent (at least 97%) of
ethylene and a minor mol percent (no more than_BZ) of
one or more alpha olefins containing from 3 to 8 carbon
atoms. These alﬁha olefins, which should n&t contain any‘
branching on any of their carbon atcms.which is closer
than the fourth carbon atom, include propylene, butene-1,
pentene-1, hexene-1, 4-methylpentene-1, heptene-1 and
octene-l, The preferred alpha olefins are propylene,’
butene-1l, hexene-l, 4-methylpentene-l and octene-1.

The melt index of a homopolymer or a copoly-
meé is a reflection of its molecular weight., Polymerzs
having a relatively high molecular weight, have a
relatively low melt index. Ultra-high molecular weight
ethylene.polymers have a high load melt index (HLMI) of
about 0.0 g/10 minutes, and very high moléculaf welght
ethylene polymers have a high load melt index (HLMI) of

iy
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from about 0.0 g/10 minutes to about 1.0 g/10 minutes.
The polymers produced with the.treated catalyst com-
positions of the present invention, on the other hand,
hav; a standard or normal load melt index of greater
than 1.0 g/10 minutes to about 100 g/10 minutes,
preferably of from about 2.0 g/10 minutes to about 50
g/10 minutes, and a high load melt index (HIMI) of from
about 22 g/10 minutes to about 2200 g/10 minutes. The
melt index of the polymers is a functioh of a combina-
tion of the polymerization temperature of the reaction,
the density of the polymer and the hydrogen/monomer
ratio in the reaction system. Thus, the melt index is
raised by increasing the polymerization temperature and/
or by dgcreasing the density of the polymer and/or by
increasing the hydrogen/monomer ratio.. In addition to
hydrogen other chain transfer agents may also be used
to further increase the melt index of the polymers.

The ethylene polymers produced with the
treated catalyst compositions of the present invention
have a melt flow ratio (MFR) of from about 22 to about
32, preferably of from about 25 to about 30. Melt flow
ratio is another means of indicating the molecular weight
distribution (Mw/Mn) of a polymer. An MFR in the range
of from about 22 to about 32 corresponds to a Mw/Mn of
frqp about 2.7 to about 4.1 and an MFR in the range of
from about 25 to about 30 corresponds to a. Mw/Mn of from

about 2.8 to about 3.6,
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The polymers produced with the treated cata-
lyst compositions of the present invention have a resi~
dual catalyst content, in terms of yargs per wmillion of
titanium metal, of less than 10 parts pef'million (ppm)
at a productivity level of at least 100,000 pounds of
polymer per pound of titanium.

VThe polymers produced with the treated cata-
lyst compositions of the presené invention are granular
materials which have an average particle size of the
order of from about 0.02 to about 0.05 inches, and
preferably of from about 0.02 to about 0.04 dinches, in
diameter., The particle size is important for the purpose
of readily fluidizing the polymer particles in the fluid
bed reactor, as described below. These granular materials
also have a low level of fimes (no greatér than 4.0 per-
cent of the total polymer product) and these fines are
no greater than 125 microns in diameter, '

The polymers produced with the treated cata-;
lyst compositions of the present invention have a bulk

density of from about 21 to about 32 pounds per cubic

-, foot.
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High Activity Catalyét

The compounds used to form the st;ble, high
.activity catalyst compositions of the present invention
comprise at least one titanium compound, at least one
5 magnesium compound, at least one electron donor compound,
‘ at least one boron halide compound, at least one activa-
tor compound and at least one inert carrier material, as

defined below.

The titanium compound has the structure
10 Ti(OR)aXb

wherein R is an aliphatic or aromatic hydro-
_ carbon radical containing from 1 to 14 carbon atoms, or
COR' where R' is an aliphatic or aromatic hydrocarbon
radical coataining from 1 to 14 carbon atoms,
15 X is selected from C1, Br, I, and mixtures
tﬁereof, ) ’
a is‘o; 1 or 2, bis 1 to 4 inclusive and
a+b=3o0r4,
The titanium compounds can be used individually
20 or in combinations thereof, and would irclude TiCl,,
| TiCl,, Ti(OCH;)Cl,, Ti(0C.H)Cly, Ti(OCOCH,)Cly and
' Ti(0COCHs)Cl,. '
The magnesium compound has the strﬁctgre

MgX,

Cl, Br, I, and mixtures thereof. Such magnesium

compounds can be used individually or in combination

thereof and would inclg@e Mgclz, MgBr, and MgI,. Any-

drous Mg012 is the pérticularly prefe¥red magnesium
30 compound, ‘ '
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The titanium compound and the magnesium

compound should be used in a form which will facilitate

"their dissolution in the electron donor camcownd, as des-

cribed herein below.

The electron donor compound-is an organic
compound which is liquid at 25°C and in which the titan- -
ium compound and the magnesium compound are soluble.

The electron donor compounds are known as such; or as
Lewis bases, . -

The electron donor compounds would include
such compounds as alkyl esters of aliphatic and aromatic
carboxylic acilds, aliphatic ethers, cyclic ethers ar;.d :
aliphatic ketones, Among these electron donor compounds
the preferable ones are alkyl esters of saturated ali-
phatic carboxylic acids containing from 1 to & carbon
atoms; alkyl esters of aromatic carboxylic acids contain-
ing from 7 to 8 carbon atoms; aliphatic ethers coﬁtaining

from 2 to 8 carbon atoms, preferably from 3 to 4 carbon
atoms; cyclic ethers containing from 3 -to 4 carbon atoms, .
preferably mono- or di-ethers containing & carbon atoms; and
aliphatic ketones containing from 3 to 6 carbon atoms,
preferably from 3 to 4 carbon atoms. The most preferred
of these electron donor compounds would include methyl
forﬁate, ethyl acetate, butyl acetate, ethyl ether, hexyl
ether, tetrahydrofuran, dioxane, acetone and methyl
ketone. -

'Therelectron donors can be used individually

or in combinations thereof,
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The boron halide compound has the structure

'
Bbe3-c

wherein R is an aliphatic or aromatic hydro-
carbon radical containing from 1 to 14 cgrbon atoms or
OR', wherein R' is also an aliphatic or aromatic hydro-
carbon radical containing from 1 to 14 carbon atoms,

X'is selected from Cl and Br,
and mixtures thereof, and ) ‘

¢ is 0 or 1 when R is an aliphatic or aroma-
tic hydrocarbon and 0, 1 or 2 when R is OR'.

‘ The £oron halide compounds can be used in-
dividually or in combination thereof, and would include
BCl;, BBrs, B(C,Hg)Cl,, B(0C,Hc)CL,, 'B(oczns)zcl,
B(caus')uz, B(OCgHs)CL,, B(CgHy3)Cl,y, B(OCH4)CL,,
and B(°C6H5)201' Boron trichloride is the particuiarly

preferred boron compound.
The activator compound has the structure
ALR"™) XY H_ '
where X" is C1 or OR", R" and R™ are the
same or different and are saturated hydrocarbon
radicals containing from 1 to 14 carbon atoms,
e is 0 to 1.5, fis L or0 andd +e + £ =3,
Such activator compounds can be used in-
dividually or in combinations thereof aﬁd wuld in-
clude A1(02H5)3, Al(CZHS)ZCI, Al(i-C4H9)3,
A1, (C,Hs)4Cly, AL(3i-C,Hg),H, AL(CeHy3)3s AL(CgHy7)3s

AL(C,H),H and AL(C,Hs), (0C,Hs).

0055605
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About.1l0 to 400, and preferably abbut 15
to 30 mols of the activator compound are used per mol
of the titanium compound in activating the cataiyst
cmployed in the present invention.

The carrler materials are solid, particulate
porous materials which are inert to Ehe other components
of the catalyst composition, and to the other active
components of the reaction system. These carrier mater-
ials would include inorganic materials such as oxides
of silicon and/or aluminum. The carrier materials are
used in the form of dry powders having an avérage par=~

ticle size of from about 10 microns to about 250 microms,

‘and prefe_ably from about 50 microns to about 150 microms.

These materials are also porous and have a surface area
of at least 3 square meters per gram, and preferably at

least 50 square meters per gram. Catalyst activity or

productivity is apparently also improved with siliéa

having average pore sizes of at least 80 Angstrom units,

and preferably at least 100 Angstrom units. The carrier

_ material should be dry, that is, free of absorbed water.

Drying of the carrier matefial is carried out by heating
it at a temperature of at least 600°C. Alternativeiy,
the carrier material dried at a temperature of ét least
200°C may be treated with zbout 1 weight percent to
about 8 weight ﬁercent of one or more of the aliminum
compounds described above., This modification of the
support by the aluminum compounds provides the catalyst
composition with increased activity and also improves
polymer particle morphology of the resulting ethylene
polymers. Other organometallic compounds,rsuch as

diethylzinc,my also be used to modify the support.



10

15

20

25

0055605

-11-

Catalyst Preparation: Formation of Precursor

The precursor composition employed in the
present invention is formed by dissolving the titanium
compound and the magnesium compound in the electron
donor compound at a temperature of about 20°C up to the
boiling point of the electron donor compound. The titan-
ium compound can be added to the electron donor compound
before or after the addition of the magnesium compound,
or concurrent therewith. The dissolution of the titanium
compound and the magnesium compound can be facilitated by
stirring, and in some instances by refluxing, these two
compounds in the electron donor compound. After the titan-
ium coméound and the magnesium compound are dissolved, the
precursor composition may be isolated by crystallization
or by precipitation with an aliphatic or aromatic hydro-

carbon containing from 5 to 8 carbon atoms, such as hexane,

isopentane or benzeme. The crystallized or precipitated

precursor composition may be isolated in the form of fine,
free flowing particles having an average particle size of
from about 10 microms to about 100 microns after drying at
temperatures up to 60°C,

About 0.5 mol to about 56 mols, and preferably.’
about 1 to 10 mols, of the magnesium compound afe used
per mol of the titanium compound in preparing>the cata-

lyst compositions of the present inventiod.
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Catalyst Preparation: Dilution of Precursor With Support

The precursor composition 1s then diluted with
_the inert carrier material by (1) mechanically mixing or
(25 impregnating such composition into the qa;rier mate-
rial, . -
Mechanical mixing of the inert carrier and
precursor composition is effected by blending these
materials together using conventional techniques. The
blended mixture suitably contains from about 10 percent
by weight to about 50 percent by weight of the precursor
composition. '
Impregnation of the inert carrier material
with the precursor composition may be accomplished by
dissolving the ﬁfecursor'composition in the electron
donor c&mpound, and by then admixing the support with
the dissolved precursor composition to impregnate the
support. The solvent is then removed by drying at
temperatures up to 70°C,

The support may also be impregnated with the
precursor éomposition by adding the support to a solution
of the chemical raw materials used to form the precursor .
conposition in the elecﬁron donor compound, without iso-
lating the precursor camposition from said solution. The
excess electron &onor compound is then removed by drying
at temperatures up to 70°C.

When thus made as disclosed above tﬁe blended
or impregnated preéursor composition has the formula

Mg, T1y (OR) X, [ED]

wherein ED is the electron donor compound,

m is 0.5 to 56, and preferably 1.5 to 5,
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nis 0, L or 2,

p is 2 to 116, and preferably 6 to 14,

q is 2 to 85, and preferably 3 to 10, o

. R is an aliphaﬁic or aromatic hydrocarbon
radical containing from 1 to 14 carbon atoms, or COR'
wherein R' is also an aliphatic or aromatic hydrocarbon
radical containing from 1 to 14 carbon atoms, and ‘
X is selected fromCl, Br, I, aqg' sy
mixtures thereof. ' 7

The "subscript for the element titanium (Ti).
is the arabic numeral ome. .

Suitably, the impregnated carrier material
contains from about 3 percent by weight to about 50 percent
by weight, preferably from about 10 percent by weight to.
about 30 percent by weight, of the precursor composition.

Treatment of Precursor with Boron Halide Compound

After blending or impregnating the precursor

composition into the carrier material, the diluted pre-
cursor composition is treated with the boron halide
compound, Treatment can be effected by dissolving the
boron halide compound in an inert liquid solvent and
applying the resulting solution to the diluted precursor
composition in any convenient manner, preferably by simply
immersing the diluted precursor composition in the solutionm,
The solvent employed must be non-polar, inert to the boron
halide compound and all the components of the catalyst,

and capable of dissolving the boron halide compound but

not the precursor composition. Polar solvents are undesi-

rable because they dissolve and form complexes with the

~
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precursor composition as well as with the boron halide
compound. In order to avoid the formation of such com-
‘plexes, it-is essential to treat the precursor composition
with a solution of the boron halide compound in a non- -
polar solvent as an independent step after formation of

the precursor composition in a polar electron donor

solvent,

If desired, the diluted precursor composition
may be added to the inert liquid solvent to form a slurry
before the boron halide compound is dissolved in the
solvent. This technique is particularly suitable when
a gaseous material, such as BCl3, is embloyed. Such
gaseous material can be dissolved in the solvent after
formation of the slurry by bubbling it through the slurry

or, if desired, by first liquifying it and then addiﬁg it
to the slurry. Altermatively, the boron halide compound

can be dissolved in an inert liquid solvent before it is

added to the slurry or, if desired, directly added to the
dry diluted precursor composition, .

Among the solvents which can be empioyed to
dissolve the boron halide compound are hydrocarbon sol-

vents, including substituted hydrocarbon solvents, such

‘as isopeﬁtane, hexane, heptane, toluene, xylene, naptha

and methylene chloride. Preferably, such solvents are
employed together with the boron halide compound in
such amounts that the resulting solution contains from

about 1 percent by weight to about 15 percént by weight

'of the boron halide compound,

Usually treatment of the diluted precursor
composition with the boron halide campound is effected

at room temperature, However, if desired, treatment
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can be effected at a temperature as low as about -30°C.

When the boronm halide is applied in solution, the

. temperature should not exceed the boiling point of the

solution. In any event, the precursor composition
should be allowed to absorb a sufficient amount of a
Sufficiently concentrated boron halide solution, or
gaseous boron halide compound, such that it will con-
tain, after drying, from about 0.1 mol to about 3.0 mols,
preferably from about 0.3 mol to about 1.0 mol, of the
boron halide compound per mol of.electron donor in the
precursor composition. Generally, treatment periods of
from about 1 hour to about 24 hours, usually from about

4 hours to about 10 hours, are sufficient for the purpose.

Activation of Precursor Composition

In order to be useful in producing ethylene
polymers, the treated precursor composition must first
be activated, that is, it must be treated with sufficient
activator compound to transform the Ti atoms in the pré-

cursor composition to an active state.

The precursor composition may be
partially activated before it is introduced into the

'polymerization reactor., When the precursor composition

is partially activated in this manner, enough activator

should be employed to provide the precursor composition

" with an activator compound/Ti molar ratio of up to 10:1,

and preferably of about 4:1 to about 8:1. This partial
activation reaction is preferably carried out in a hydro-

carbon solvent slurry followed by drying of the resulting
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mixture, to remove the solvent, at temperatures between

about 20° and 80°C., preferably between about 50°C and

. 70°C. The resulting product is a free-flowing solid

particulate material which can be readily fed to the
polymerization reactor where the activation is completed

with additional activator compound which can be the same or -

‘a different compound.

If desired, partial activation may be carried
out in the same slurry in which the precursor composition
is treated with the boron halide compound.

' Alternatively, when an impregnated precursor
composition is employed, it may, if desired, be completely

activated in the polymerization reactof without any prior

activgtion outslde of the reactor.

The partially activated or totally unactiva-
ted precursor compdsition and the required amount of '

activator compound necessary to complete activation of

" . the precursor composition are preferably fed to the

.reactor through separate feed lines. The activator com~
pound may be sprayed into the reactor in the form of a

tolution thereof. in a hydrocarbon solvent such as iso-

'pentane, hexane, or mineral oil. This solution usually

contains from about 2.to about 30 weight percent-of the
activator compound. The activator compound is added to
the reactor in such aﬁounts as to provide, in the reactor,
a total AY1/Ti molar ratio of from 10:1 to 400:1, and
preferably of about715:1 to 30:1, ’
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In a continuous gas phase process, such as the

£luid bed process disclosed below, discrete portions of

‘the partially activated or totally unactivated precursor

composition are continuously fed to the reactor, with
discrete portions of activator compound'needed to complete
the activation of the partially activated precursor com- !
position or to activate the unactivated precursor com-
position, during the continuing polymerization prohess-

in order to replace active catalyst sites that are expended

during the course of the reaction.

The Polymerization Reaction

The polymerization reaction is conducted by
contacting a stream of the monomer(s), in a gas phase
procesé, such as in the fluid bed process described
beléw, and substantially in the absence of catalyst
poisons such as moisture, oxygen, CO, COZ’ and acetylene
with a catalytically effective amount of the completely
activated precursor composition (the catalyst) at a
temperature and at a pressure sufficient to initiate the
polymerization reaction.

- In order to obtain the desired high density
ethylene polymers, no more than 3 mol percent of any
other alpha olefin should be copolymerized with'the
ethylene monomer. For this reason, no more than 50
mol percent of such alpha olefin should be present in

the recycled gas stream of monomers in the reactor.
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A fluidized bed reaction system which can be
useq in the practice of the process of the present in-
vention is illustrated in the drawing. With reference
thereto the reactor 1 consists of a reaction zone 2 and
a velocity reduction zone 3, 7

The reaction zone 2 comprises a bed of growing
polymer particles, formed polymer particles and a minor
amount of catalyst particles fluidized by the continuous
flow of polymerizable and modifyiﬁg gaseous components in
the form of make-up feed and recycle gas through the
reaction zone. To maintain a viable fluidized bed, the
mass gas flow rate through the bed must be zbove the

minimum flow required for fluidization, and preferably

- from about 1.5 to about 10 times G,¢» and more preferably

from about 3 to about 6 times Gpee Gpe is used in the
accepted form as the abbreviation for the minimum mass

gas flow required to achieve fluidization, C.Y. Wen and
Y.H. Yu, "Mechanics of Fluidization", Chemical Engineering
Progress Symposium Series, Vol, 62, p. 100-111 (1966).

It is essential that the bed always contains
particles to prevent the formation of localized "hot spots”
and to entrap and distribute the particulate catalyst
throughout the reaction zone. On start up, the reactor
is usually charged with a base of particulate polymer
particles before gas flow is initiated. Such partidies

may be identical in nature to the polymer to be formed



10

15

25

20

0055605

=19~

or different therefrom. When different, they are with-
drawn with the desired formed polymer particles as the
first product. Eventually, a fluidized bed of the
desired polymer particles supplants the start-~up bed.

The partially activated or totally unactivated
precursor composition used in the fluidized bed is
preferably stored for service in a reservoir 4 under a
blanket of a gr. whicl is inert to the stored material,
such as nitrogen or argom.

Fluidizatiﬁn is achieved by a high rate of
gas recycie to and through the bed, typically in the
order of about 50 times the rate of feed of make-up gas.

The fluidized bed has the general appearance of a dense

-mass of viable particles in possible free-vortex flow as

,

created by the percolation of gas through the bed. The
pressure drop through the bed is equal to or slightly
greater than the mass of the bed divided by the cross-
sectional area. It is thus dependent on the geometry of

the reactor.

Make-up gas is fed to the bed at a rate equal

. to the rate at which particulate polymer product is with-

drawn. The composition of the make-up gas is determined
by a gas analyzer 5 positioned above the bed. The gés
analyzer determines the composition of the gas being
recycled and the composition of the make-up gas is
adjustéd accordingly to maintain an essentially.steady

state gaseous composition within the reaction zone.

¢
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To ensure complete fluidization, the recycle
gas and, where desired, part of the make-up gas are
returned over gas recycle line 6 to the reactor at
ﬁoiﬁt 7 below the bed. At that point there is a gas
distribution plate 8 above the point of return to aid
in fluidizing the bed. ' |

The portion of the gas stream which does not
react in the bed constitutes the recycle gas which is
removed from the polymerization zone, preferably by
passing it into a velocity reduction zone-3 above the

bed where entrained particles are given an opportunity

to drop back into the bed,

The recycle gas is then compressed in a
compressor 9 and then passed through a heat exchanger
10 wherein it is stripped of heat of reaction before it
is returned to the bed. The temperature of the bed is
controlled at an essentially constant temperature under

steady state conditions by constantly removing heat of -

- reaction. No noticeable temperature gradient appears to

exist within the upper portion of the bed, A temperature
gfadient will exist in the bottom of the bed.in a layer
of about 6 to 12 inches, between the temperature of the

inlet gas and the temperature of the remainder of the

‘bed. The recycle is then returned to the reactor at its

base 7 and to the fluidized bed through distribution
plate 8, The compressor 9 can also be placed downstream
of the heat exchanger 10. .

- The distribution plate 8 plays an important
folerin the operation of the reactor. The fluidized bed

contains growing and formed particulate polymer particles
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as well as catalyst particles. As the polymer particles
are hot and possible active, they must Ee prevented from
settling, for if a quiescent mass is allowed to exist,
any active catalyst contained therein may continue to

react and cause fusion. Diffusing recycle gas through

" the bed at a rate sufficient to maintain fluidization

throughout the bed is, therefore, important. The distri-
bution plate 8 serves this purpose and may be e.g.ra screen,
slotted plate, perforated plate, or a plate of the bubble-
cap type. . The eleménts of the plate may all
be. stationary, or the plate may be of the mobile type .
disclosed in U.S. 3,298,792. Whatever its design, it

must diffuse the recycle gas through the particles at the
base of the bed to keep the bed in a fluidized condition,
and also serve to support a quiescent bed of resin par-
ticles when the reactor is not in operation. The mobile

elements of the plate may be used to dislodge any polymer

particles entrapped in or on the plate.

Hydrogen is used as a chain transfer agent

in the polymerization reaction of the present invention.
The ratio of hydrogen/ethylene emﬁloyed will véry between
. 0.1 to about 2.0 moles of hydrogen per mole of the monomer
'in the gas stream, .

. Any gas inert to the catalyst and reactants can

also be present in the gas stream. The activator compound

is preferably added to the reaction system downstream from

heat exchanger 10. Thus, the activator compound may be

-fed into the gas recycle system from dispenser 1l through
linec 12.



10

15

20

25

30

- -22- .

Compounds of the structure Zn(Ra)(Rb)’ wherein
R, and R, are the same or different aliphatic or aromat-
ic hydrocarbon radicals containing from 1 to 14 carbon
atoms, may be used in coﬁjunction with hydrogen, with
the treated catalysts of the present invention, as molec-
ular weight control or chain transfer agents, that is,
to increase the melt index values of the polymers that
are produced. About 0 to about 100, and preferably about
20 to about 30 moles of the zinc compound (as Zn) would
be used in the gas stream in the reactor per mol of
titanium compound (as Ti) in the reactor. The zinc com-
pound would be introduced into the reactor, preferably
in the form of a dilute solution (about 2 to about 30
weight percent) in a hydrocarbon solvent or absorbed on
a solid diluent material, such as silicé, in amounts of
about 10 to about 50 weight percent. These compositions
tend to be pyrophoric. The zinc écmpoﬁnd may be added
élone, or with any additional portions of the activator
compound that are to be added to the reactor, from a
feeder, not shoﬁn, which could be positioned adjacent to
dispenser 11. |

It is essential to operate the fluid bed re-
actor at a temperature below the ;intering temperature
of thé polymer particles to insure that sintering will
not occur, To produée high density polymers having.
high melt indices and low melt flow ratios, an70perating

temperature of from about 90°C. to about 115°C., is pre-

'ferred. As explained above, after treatment with a

boron halide compound in accordance with the present

invention, the catalysts employed in the polymerization

v
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" process are rendered more stable when exposed to tempera-

tures in excess of 90°C. and are capable of producing
polymers at higher productivities and with less accompany-
ing ethylene hydrogenation than when like untreated
catalyst compositions are employed. .

The fluid bed reactor is operated at pressures
of up to about 1000 psi, and is preferably operated at a
pressure of from about 100 to about 300 psi, with opera-
tion-ét the higher pressures in such ranges favoring
heat transfer since an increase in pressure increases the
unit volume heat capacity of the gas,

The partially activated or totally unactivated
precursor composition is injected into the bed at a rate
equal to its consumption at a point 13 which is above
the diétribution plate 8. Preferably, the precursor
composition is injected at a point in the bed where good .
mixing of polymer particles occurs. Injecting the pre-
cursor composition at a point above the distribution
plate is an important feature of this invention. Since
the catalyst formed from such precursor composition is
highly active, injection of the precursor composition
into the area below the distribution plate may cause
polymerizatiaﬁ to begin there and eventually cause
plugging of the distribution plate. Imjection into the
viable bed, instead, aids in distributing the catalyst
throughout the bed and tends to preclude the formation
of localized épots of high catalyst concentration which
may result in the formation of "hot spo;s". Injection
of the precursor composition into the reactor above the

bed may result in excessive catalyst carryover into the
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recycle line where polymerization may begin and plugging

of the line and heat exchanger may eventually occur.

. A gas which is inert to the catalyst, such
as nitrogen or argom, is used to carry the partially
activated or totally unactivated precursor composition

into the bed.

The production rate of the bed is controlled
by the rate of catalyst injecti&n. The production rate
may be increased by simply increasing the rate of catalyst
injection and decreased by reducing the rate of catalyst
injection.

Since any change in the rate of catalyst in-
jection will change the rate of generation of the heat
of reaction, the temperature of the recycle gas entering
the reacfbr is adjusted upwards and downwards to accommo-
date the change iﬁ rate of heat generation. This ensures
the maintenance of an essentially counstant temperature in
the bed. Complete instrumentation of both the fluidized
bed and the recycle gas cooling system is, of course,
necessary to detect any temperature change in the bed so
as to enable the operator to make a suitable adjustment
in the temperature of the recycle gas. |

Under a given set of operating con@iéions, the
fluidized bed is maintained at essentially a constant
height by withdrawing a portion of the bed as producé at
a rate equal to the rate of formation of the particulate
polymer product.. Since the rate of heat generation is
directly related to product formation, a measurement of

the temperature rise of the gas across the reactor (the
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difference between inlet gas temperature and exit gas
temperature) is determinative of the raté of particulate
polymer formation at a constant gas velocity.

The particulate polymer product is preferably
continuously withdrawn at a point 14 at.or close to the
distribution plate & and in suspension with a portion of
the gas stream which is vented as the particles settle
to minimize further polyﬁerization and sintering when the
particles reach their ultimate collection zone. The
suspending gas may also be used to drive the product of
one reactor to another reactor,

The particulate polymer product is conveniently
and preferably withdrawn through the sequential operation
of a pa;r of timed valves 15 and 16 defining a segregation
zone 17. While valve 16 is closed, valve 15 is opened to
emit a plug of gas and product to the zone 17 between it
and valve 15 which ié then closed. Valve 16 is then opened
to deliver the product to an external recovery zone. Valve
16 is then closed to await the next product recovery opera-
tion. The vented gas containing unreacted monomers may Ee
recovered from zone 17 through line 18 and récompressed in
compressor 19 and returned directly, or through a purifier
20, over line 21 to gas recycle line 6 at a point upstream
of thg recycle compressor 9.

Finally, the fluidized bed reactor is eqﬁipped
with an adequate venting system to allow ventiﬁg the bed
during start up and shut down. The reactoé does not
require the use of stirring means and/or wall scrapping
means. The recycle gas line 6 and the elements therein

(compressor 8, heat exchanger 10) should be smooth surfacea,
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1
and devoid of unnecessary obstructions so as not to

impéde the flow of recycle gas.
The highly active catalyst system of this
in;ention yield a fluid bed product having an average
particle size of about 0.02 inches to about 0.05 inches,
and preferably about 0.02 inches to about 0.04 inches,
in diameter wherein the catalyst residue is usually low.
The polymer particleg are relatively easy to fluidize in
a bed. .
The feed stream of gaseous monomer, with or
without inert gaseous diluents, is fed into the reactor
at a space time yield of about 2 to 10 pounds/hour/cubic
foot of bed volume,
The term virgin resin or polymer as used here-
in meang polymer, in granﬁiar form, as it is recovered
from the polymerization reactor.
The following Examples are designed to illustrate
the process of the present invention and are not intended
as a2 limitation upon the scope thereof,
The properties of the polymers produced iﬁ the

Examples were determined by the following test methods:

Deﬁsity A plaque 1s made and conditioned
for one hour at 120°C. to appreach
equilibrium crystgllinity and is
then quickly cooled to room temper-
ature, Measurement for density is
then made in a density gradient
column and density values‘are

reported as grams/c 3.
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Melt Index (MI)

Flow Index (HIMI)

Melt Flow Ratio (MFR) =

Productivity

Bulk Density .

W.
ASTM D-1238 - Condition E -

Measured at 190°C., - reported
as gréms per 10 minutes.

ASTM D-1238 - Condition F -
Measured at lo.times the weight
used in the melt index test
above.

Flow Index .
Melt Index -

A sample of the resin product
is ashed, and the weight 7 of
ash is determined; since the
ash is essentially composed'of
the catalyst, the productivity
is thus the pounds of polymer
produced per pound of total
catalyst consumed, Tﬁe amount
of Ti, Mg,B and halide in the

ash are determined by elemental

analysis.

ASTM D-1895 Method B.

The resin is poure& via 3/8"
diameter funmel into a 400 ml
graduated cylinder to 400 ml
line without shaking the
cylinder, and weighed by differ-

ence, <
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Average Particle This is caiculated from sieve

Size - analysis data measured according
to ASTM-D-1921 Method A using a
500 g sample. Calculations are
based on weight fractions re-

tained on the screens,

Example 1
Impregnation of Support with Precursor

In a 12 liter flask equipped with a mechanical

stirrer were placed 41.8g (0.439 mol) anhydrous Mgcl2 and

2.5 liter tetrahydrofuran (THF). To this mixture, 27.7g
(0.146 mol) TiCl, were added dropwise over 1/2 hour. The
mixture was heated at 60°C. for about 1/2 hour in order
to completely dissolve the material, '

Five hundred grams (500 g) of silica was
dehydrated by heating at a temperature of 800°C. and
slurried in 3 liters of isopentane. The slurry was
stirred while 142 ml. of a 20 percent by weight
solution of triethyl aluminum in hexane was addéd
thereto over a 1/4 hour period. The mixture was dried
under a nitrogen purge at 60°C. for sbout 4 hours to.
provide a dry, free flowing powder containing 4 percent
by weight of the aluminum alkyl.

Alternatively, the silica is dried and’
treated in like manner with a solution of tri-p-hexyl
aluminum or diethylzinc to provide a treated silica

containing 4 percent by weight of metal alkyl,
The treated silica was then added to the

solution prepared as above and stirred for 1/4 hour.
The mixture was dried under a nitrogen purge at 60°C.
for about ﬁ hours to provide a dry, impregnated, free

flowing powder having the particle size of the silica.

»
.
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14 ey oA date b Ay A S b~



10

15 -

20.

25

0055605

-29- ’

Example 2

Treatment of Precursor with Bbron Trichloride

) "~ Five hundred grams (500 g) of silica impreg-
nated precursor composition prepared in accordance with
Example 1 was slurred in 3 liters of isopentane and

stirred vhile a 1 molar'solution of boron trichloride

‘;in methylene dichloride was added thereto over a 1/4 hour

period. The silica impregnated precursor composition and
the boron trichloride solution were employed in amounts
that provided a molar ratio of boron to electron donor

compound (of the precursor) of 0.75:1. The mixture was

‘dried under a nitrogen purge at 60°C. for about 4 hours -

to provide a dry free flowing powder having the particle
gize of the silica. :

_ Example 3
Treatment of Precursor with Ethvl Boron Dichloride

Five hundred grams (500 g) of silica impreg-
nated precursor composition prepared in accordance with
Example 1 was slurred in'3 liters of isopentane and
stirred while a 16 percent by weight solution of ethyl
boron dichloride in heptane was added thereto over a
1/4 hour period. The éilica iﬁpregnated précursor
composition and the ethyl boron dichloride solution were
employed in amounts that provided a molar -ratio of boron
to electron donor compound (of the ﬁrecursor) of 0.75:1.
The mixture was dried under a nitrogen purge at 60°C.
for about 4 hours to provide a dry free fiowiﬁg powder

having the particle size of the silica.

e

.
U
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Example &4 . 5
Preparationfof Partially Activated Precursor

After treatment with boron halide compound
in accordance with Examples 2 and 3, desired weights of
each of the silica impregnated precursor compositions
prepared in accordance with those exgmples were slurried
in anhydrous isopentane together with sufficient acti-
vator compound to provide partially activated precursor ‘
compositions having Al/Ti molar ratios of 4:1.

In each instance, the contents of the slurf&
system were thoroughly mixed at room temperature for .
about: 1/4 to 1/2 hour. Each slurry was then dried under
a purge of dry nitrogen at a temperature of 65 + 10°C.
for about & hours to remove the isopentane diluent. A
free flowing particulate material containing partiall&
activated precursor composition impregnated within éhe
pores of the silica and having the size and shape of
the silica was obtained. This material-was stored under

dry nitrogen until ready to be used.

Example 5-8

7. Ethylene was homopolymerized in a series of
4 experiments employing the fluid bed reaction system
described a;d illustrated herein. The polymerization re-
actor had a lower section 10 feet high and 13 1/2 inches

in diameter, and an upper section 16 feet high and 23 1/2
inches in diameter.

Each of the polymerization reactions was
conducted fér 24 hours at 105°C. under a pressure of
300 psig, a gas velocity of about 3 to 6 times Gmf,
a space time yield of about 2.8 to 4.9, and a
H,/C, mol ratio of 0.35 to 0.42. . —
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In the first polymerization (Example 5),
silica impregnated precursor composition prepared in
accordance with Example 1 was fed to the polymerization
;eactor along with a 5 percent by weight solution of
triethyl aluminum in isopentane so as to provide ;

completely activated catalyst in the reactor having

" an Al/Ti mol ratio of 15:1 to 30:1,

In the next three polymerizations (Examples
6-8), silica impregnated precursor composition prepared
in- accordance with Example 1 was first treated with a

boron halide compound in accordance with Example 2 or 3

" before it was fed to the polymerization reactor.

Activation of the precursor composition was-effected
as in the first polymerization. .

. Table I below summarizes the reaction
conditions employed in each example, the properties
of the polymers made in such examples, the amount of
ethylene hydrogenation which occurred during ﬁoly-

merization, and the productivity of each catalyst

system.
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Tabie T
Example S .6.. ‘l §.
Silica Pretreatment Et, Al Et3A1 Et,Zn fEtBAl
Boron Halide Compound None BC13 BCI3 EtBCl,
5 Polymerization Conditions 7 ,
Activator Et3A1 Et3A1 Et3A1 Et3A1
Temperature, °C. 105 105 105 105
Pressure, psig 300 300 300 300
Space-time yield 2.8 4.9 4.1 4,2
(lbs/hr/ft3)
10 HZ/CZ mol ratio 0.42 0.36 0.35 0.39
Polymer Properties _ 7 ) _
Melt Index, g/10 min -7 8 8 9
Melt Flow Ratio 30 27 27 26
Density, g/cms 0.968  0.967 0.966 0.967
15 Hydrogenation '
% conversion of Coliy 0.96 0.39 0.21 0.32
Productivity | St
1bs polymer/lb Ti 65,000 245,000 350,000 280,000

ppm Ti in polymer 15.5 4 2 3.5

,
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Examples 9-12

Ethylene was homopolymerized in a series of
4.exPeriments employing the same fluid bed reaction
system employed in Examples 5-8. '

In this series of polymerizations, the silica
impregnated precursorlcomposition employed was prepared |
in accordance with Example 1 and partially activated as
described in Example 4 before it was fed into .the re-
actor. In the first two experiments (Examples 9 and 10),

the precursor composition was not treated with a boron

- halide compound before it was partially activated. 1In

the next two experiments (Examples 11 and 12), the .
precursor composition was treated with boron trichloride
in accordance with Example 2 before it was partially
activated. -

In each instance, activation of the pre-
cursor composition was completed in the reactor by
adding a 5 percent by weight solution of aluminum _ . -
alkyl in isopentane to the reactor to provide a
completely activated catalyst having an AL/Ti mol ratio
of 15:1 to 30:1. .

Each polymerization was conducted for 24 hours
at 105°C. under a pressure of 300 psig, a gas velocity
of about 3 to 6 times Gmf, a space time yield of about
3.3 to 5.0, and a HZ/CZ moi ratio of 0.40 to 0.51.

Table II below summarizes the reaction con-
ditions employed in each example, the properties of ta?
polymers made in such examples, the amount of ethylene
hydrogenation which occurred during polymerization, and

the productivity of each catalyst system.
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Example

Silica Pretreatment
Boron Halide Compound

Partial Activation
(outside reactor)

Complete Activation
(inside reactor)

Polymerization Conditions
Temperature, °C.
Pressure, psig

Space-time yigld
(Ibs/hr/ftg)

HZICZ mol ragio

Polymer Properties
Melt Index, g/10 min
Melt Flow Ratio

Density, g/cm3

- Hydrogenation

20

% conversion of CZHA

Productivity
1bs polymer/lb. Ti
ppm Ti in polymer

-34-

Table 11

2
EtqAl

None

(CgHyg)gal

Et3A1

105
300
3.3

0.45

0.969

2.66

90, 000

12

Et3A1

None

(C6H13)3A1

Et,Al

105
300
5.0

0.51

13
27

1.79

118,000

8.5

0055605
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(CBH13)3A1

- BCl4

(Cgly3)3hL

EtaAl

105
300
3.5

0.41

25
0.967

1.49

135,000
7.5

o

2
Et3A1
BCL,
(CgHy7)3A1
(CH;) 4A1

105
300
5.0

0.40

25
0.967

1.03

210, 000

5

¥
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CLAIMS: ..

1.' A continuous catalytic process for produging

ethylene homopolymers, or copolymers containing at least
97 mol pe£cent of ethylene and no more than 3 mol percent
of one or more alpha olefins containing from 3 to 8 carbon
atoms,

said polymers being produced in granular form
and having a density of from 0.94 g/cm3 to 0.97 g/cm3, and
a melt flow ratio of from 22 to 32, .

which comprises contacting ethylene, or a
mixtire of ethylene and at least one alpha olefin contain-
ing from 3 to 8 carbon atoms, at a temperature of from
90°C. to 115°C. and a pressure no greater than 1000 psi;
in a gas phase reaction zone, with particles of a c&talyst

system comprising a precursor composition having the general

fofmula:-

Mngi(OR)nxp[ED]q

wherein R is an aliphatic or aromatic hydro-
carbon radical containing from 1 to 14 carbon atoms, or CéR'
wherein R' is an aliphatic or aromatic hydrocarbon radical
containing from 1 to 14 carbon atoms,

X is selected from
Cl, Br, I, and mixtures thereof,

ED is an organic electron donor compound i@

selected from alkyl esters of - . ::°.. : T

L ~,

aliphatic and aromatic acids, aliphatic ethers, cyclic
ethers and aliphatic ketones,

m is 0.5 to 56;

nis 0, 1or2,-
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P is i to 116, and

q is 2 to 85,

said precursor composition being diluted
with an inert carrier material and being completely

activated with from 10 mols to 400 mols of an

Al(R")dX"er
wherein k" is C1 or OR"', R" and R"' are
the same or different and are saturated hydrocarbon
radicals containing from 1 to 14 carbon atoms, e~is 0 to
1.5, fislorOandd+e+ £=3
characterized in that the precursor
composition contains from 0.1 mol to 3 mols of a borén'
halide cqmpound per mol of electron donor in said
precursor compositionm,
. said boron halide compound having the general
formula;- 7
BRX's . .
wheréin R is an aliphatic or aromatic
hydrocarbon radical containing from 1 to 14 carbon atoms

or OR', wherein R' is an aliphatic or aromatic hydroqg;bon

. radical containing from 1 to 14 carbon atoms,

X' is selected from
Cl, Br, and mixtures thereof, and

¢ is 0 or 1 when R is an éliphatic or
aromatic hydrocarbon radical and 0, 1 or 2 under R is OR!

2. A process as claimed in claim 1 wherein the pre-
cursor composition is mechanically mixed with the inert
carrier material and the blended mixture contains from
10 percent by weight to 50 percent by weight of the pre-

cursor composition.
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3. A process as claimed in claim 1 wherein the
inert carrier material is impregnated with the precursor
composition and the impregnated carrier material
contains from 3 peréent by weight to 50 percent by

weight of the precursor composition.

4, A process as claimed in any one of claims 1 to

3 wherein the inert carrier material is silica.

5. A process as claimed in claim 4 wherein the

silica is modified with diethylzinc.

6. A process as claimed in any one of the preceding
claims wherein X and X' are C1l, Eéﬁ] is tetrahydrofuran,

n is O, m is 1.5 to 5, p is_6 to 14, and g is 3 to 10.

7. A process as claimed in any one of the preceding
claims wherein the boron halide compound is boron

trichloride.

8. A process as claimed in any one of claims 1 to
6 wherein the boron halide compound is ethyl boron

dichloride.

9. A precursor composition suitable as a
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component of a catalyst composition capable of producing
high density ethylene homopolymers and copolymers underr
a pressure of less than 1000 psi with low accompanying
ethylene hydrogenation, said precursor composition having
the general formula:-

Mg, T4 (OR) X [eD] .

wherein R is an aliphatic or aromatic hydrocarbon
radical containing from 1 to 14 carbon atoms, dr COR!
wherein R' is ;n aliphatic or aromatic hydrocarbon
radical containing from 1 to 14 carbon atoms,

X is selected from Cl, Br, I,,and‘mixtures thereof,

ED is an organic electron donor compound selected
from alkyl esters of aliphatic and aromatic acids,
aliphatic ethers, cyclic ethers and aliphatic ketones,

~ m is 0.5 to 56,

n is 0, 1 or 2,

p is 2 to 116, and

g is 2 to 85,

said precursor composition being diluted with an
inert carrier material,

characterized in that the precursor composition
contains from 0.1 mol to 3.0 mols of a boron halide
compound per mol of electron donor in said precursor
composition,

said boron halide compound having the general formula:-
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BR_X'5_,

wherein ﬁ is an aliphatic or aromatic hydrocarbon
radical containing from 1 to 14 carbon atoms or OR', “‘
wherein R' is an aliphatic or aromatic.hydrocarbon
radical containing from 1 to 14 carbon atoms,

X' is selected from Cl, Br, and mixtures thereof,
and

c is O or 1 when R is an aliphatic or aromatic

hydrocarbon and O, l-or 2 when R is OR'.

10. A precursor composition as claimed in claim 9
wherein.said precursor composition is mechanically mixed 
with the-inert carrier material -and-the blended mixture —.
contains from 10 percent by weight to 50 percent by

weight of the precursor composition.

1l. . A precursor composition as claimed in claim 9
wherein the inert carrier material is impregnated with
the precursor composition and the impregnated carrier
material contains from 3 percent by weight to 50 percent

by weight of the precursor composition.

12. A precursor composition as claimed in any one of
claims 9 to 11 wherein the inert carrier material is

silica.
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13. A precursor composition as claimed in claim 12

wherein the silica is modified with diethylzinc.

14.. A precursor composition as claimed in any one of

claims 9 to 13 wherein X and X' are Cl, Eﬂﬂ is
tetrahydrofuran, n is O, m is 1.5 to 5, p is 6 to 14,

and g is 3 to 10.

15. A precursor composition as claimed in any
one of claims 9 to 14 wherein the boron halide compound

is boron trichloride.

16. A precursor compesition as claimed in -any -one -

of claims 9 to 14 wherein the boron halide compound

is ethyl boron dichloride.

17. A composition as claimed in any'one“of"claims
9 to 16 which has been partially activated with
up to 10 mols of an activator compound per mol of
titanium in said precursor composition, said activator
compound having the general formula:-

Al(R")dX"er

wherein X" is Cl or OR", R" and R™ are the same

or different and are saturated hydrocarbon radicals

containing from 1 to 14 carbon atoms, e is O to 1.5,

0055605
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fis lor 0 and d + e + £ = 3.

18. A process for preparing a treated precursor
composition suitable as a component of a catalyst
composition capable of producing high density ethylene
homopolymers and copolymers under a pressure of less
than 1000 psi with low accompanying ethylehe hydrogenation
which comprises

A) forming a precursor composition of the general
formula:-

Mg, T1(OR) X [En] q

wherein R is an aliphatic or aromatic hydrocarbon-
radical containing from 1 to 14 carbon-atoms, -or -CORY ~-
wherein R' is an aliphatic or aromatic hydrocarbon
radical containing from—-i to-l4.carbon£§toms,

X is 'selected from Cl, Br, I, and mixtures thereof,

ED is an organic electron donor compound selected -~
from alkyl esters of aliphatic and aromatic acids,
aliphatic.ethers( cyclic ethers and aliphatic ketones, -

m is 0.5 to 56,

n is 0, 1 or 2,

p is 2 to 116, and

g is 2 to 85,

by dissolving at least one magnesium compound and at

least one titanium compound in at least one liquid organic
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electron donor compound so as to form a solution of said
precursor composition in said electron .donor compound,

said magnesium compound having the structure
ngz, ‘

said titanium compound having the structure

Ti(OR)aXb wherein a is 0, 1 or 2, b is 1 to 4 inclusive
and a + b = 3 or 4,

said magnesium compound, said titanium compound,
and said electron donor compound being employed in such
amounts as to satisfy the values of m, n, p and
g, and

B) . diluting said precursor- composition -with _
an inert-carrier material,

characterized -in that the diluted precursor
composition is treated with -a boron -halide compound. .
having the general formula:-

BRcx'3-c

wherein R is an aliphatic or aromatic hydrocarbon
radical containing from 1 to 14 carbon atoms or
OR', wherein R' is an aliphatic or aromatic hydrocarbon
radiéal containing from 1 to 14 carbon atoms,

X' is selected from Cl, Br, and mixtures thereof,
and

¢ is O or 1 when R is an aliphatic or aromatic

hydrocarbon radical and O, 1 or 2 when R is OR'.
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19. A process as claimed in claim 18 wherein the
precursor composition is mechanically mixed with the
inert carrier material to form a blended mixture
containing from 10 percent by weight to 50 percent by

weight of the precursor composition.

20. A process as claimed in claim 18 wherein the inert
carrier material is impregnated with the precursor 
composition and the impregnated carrier material contains

from 3 percent by weight to 50 percent by weight of the

precursor composition.

21. A process as claimed in any one of claims 18

to 20 wherein the inert carrier material is silica.

22. A process as claimed in claim 21 wherein the

silica is modified with diethylzinc.

23. A process as claimed in any one of claims 18 to
22 wherein X and X' are CIl, EEﬁ] is tetrahydrofuran,

nis O, mis 1.5 to5,p is 6 to 14, and g is 3 to 10.

24. A process as claimed in any one of claims 18 to

23 wherein the boron halide compound is boron trichloride.
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25, A process as claimed in any one of claims 18
to 23 wherein the boron halide compound is ethyl boron

dichloride.

26. A process for preparing an activated ethylene
polymerization process which comprises treating a
precursor composition either as claimed in any one of
claims 9 to 16 or prepared by a process as claimed in
any one of claims 18 to 25 with an activator compound
having the general formula:-

Al(R")dX"er

wherein X" is Cl or OR"Y, R" and R"*are the same
or.different.and are saturated hydrocarbon-radicals.-.

containing from 1 to 14 carbon atoms, e is 0 to 1.5,

fislorO0and d + e + £ = 3.

MGB/EA507
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